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Objectives: This study aimed to compare the effects of teaching by three methods of teach-back, concept map, and
lecture on knowledge and performance of nurses in hemovigilance process.
Methods: This quasi-experimental study was performed on 108 Iranian nurses. In the lecture group, the educa-
tional intervention was conducted during a 4-hour session; and in the concept map and teach-back groups, it was
performed in two 2-hour sessions. The nurses’ knowledge and performance were measured by “routine blood
transfusion knowledge questionnaire (RBTKQ)” and “self-reporting performance-evaluator questionnaire”.
Results: After the interventions, knowledge was significantly higher in the teach-back and the concept map groups
compared to the lecture group (p ¼ 0.001), but the performance in the lecture group was higher than the other
two groups (p ¼ 0.01). No statistically significant differences were found between teach-back and concept map
groups.
Conclusion: Teach-back and concept map methods were effective in improving the nurses’ hemovigilance
knowledge, while the lecture was associated with a significant increase in their performance. Therefore, inte-
grating the hemovigilance teaching methods is suggested.1. Introduction
Blood transfusion is a measure for preserving the patients’ life and
promoting their health with multiple clinical benefits [1]. However,
many specialists describe this procedure as a double-edged sword due to
its occasional fatal complications [2]. According to the Iranian Blood
Transfusion Organization (IBTO), the number of registered complica-
tions of the blood transfusion process has increased from 3052 cases in
2015–5275 cases in 2018, suggesting carefully and continuous moni-
toring of blood transfusion process [3].
Hemovigilance is a nationwide monitoring system for blood health
and its products, aimed to prevent the occurrence of unwanted side ef-
fects of blood transfusion [4]. This system covers all stages of blood
transfusion chain, from the time of blood collection from donors to the
follow-up of the recipients, and also analyzing of the adverse effects of
blood transfusion [5]. Proper implementation of the hemovigilance
process depends on performing clinical, educational, quality, and risk
management activities [6].Feizi).
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is an open access article under tHuman error is one of the most important causes of adverse side ef-
fects during the blood transfusion process [7, 8]. Therefore, health care
personnel should be aware of their roles and responsibilities in the blood
transfusion process as well as related national policies and procedures
such as hemovigilance [9]. Nurses, as part of the medical team, have
special responsibility for the hemovigilance process, and the safety and
effectiveness of this process depend on their knowledge and performance
[10].
Although the proper knowledge and performance of nurses in the
hemovigilance process can minimize the probability of blood transfusion
risks [11, 12, 13], recent studies were reported an inappropriate level of
nurses' knowledge and performance in hemovigilance process or blood
transfusion in different countries [10, 14, 15, 16, 17]. Therefore,
considering the important role of nurses in safe blood transfusion and
also hemovigilance process, it seems necessary to use the effective
educational strategies for improving their knowledge and performance
[17, 18, 19]. Nowadays, it is recommended to use active educational and
learning strategies that can help nurses to ensure learning, gain
problem-solving ability, and acquire appropriate planning for patientanuary 2021
he CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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methods have been identified as useful interventions in nursing educa-
tion [21, 22].
Teach-back, also known as “show me” or “closing the loop”, is a
method that aims to increase learners' understanding by asking them to
repeat back key points of the instruction in their own words [23]. This
method consists of four stages of explaining, assessing, clarifying, and
understanding. In the first stage, the instructor begins education by
explaining the information that the learners need to know. In stage two,
the instructor assesses learners' understanding of the teaching session
using teach-back. The third stage provides the instructor with the op-
portunity to clarify any concepts the learners did not understand. The
instructor may need to repeat stages two and three until the learner is
ready to move to stage four, the stage of understanding all the informa-
tion that has been presented [24]. By using the teach-back method, in-
structors can examine the errors in learners’ memory and understanding
through open dialogue, and reteach or modify teaching if comprehension
is not demonstrated [25].
Concept map method is another active and illustrative teaching
method used in nursing to promote thinking, improve problem-solving,
evaluate nursing practices, and promote clinical competence [26, 27,
28]. It was developed by Novak and Gowin in 1984, based on the
Ausubel's significant learning theory [22]. The concept map is a graphical
and schematic representation which expresses the relationship between
two concepts and also their relationship with other concepts related to a
specific subject [29]. In this model, a set of concepts are arranged hier-
archically in pyramids and their relationship is determined in up-down
and side-by-side forms by means of words in order to build meaningful
statements [30]. It was believed that when learners link new concepts to
previously known ones, the concepts effectively store, and as a result,
meaningful learning might be enhanced and creativity could be rein-
forced [31].
Given that an appropriate level of knowledge and performance can
play important roles in nurses for preventing and controlling blood
transfusion complications, and since active educational and learning
strategies have emphasized on nursing education; it is necessary to
compare different educational strategies in relation to blood transfusion.
Previously, it was indicated that teaching of blood transfusion by lecture
method similarly to active teaching methods (such as multimedia and
simulation) increased the nursing students' knowledge or performance as
[32, 33]. To the best of our knowledge, no study has yet compared the
effects of teach-back and concept map in blood transfusion education.
However, it was shown that the concept map led to a significant increase
in the level of nursing students’ knowledge in haemovigilance in com-
parison with lecture [12]. Hence, we aimed to compare the effect of
teaching by three methods of teach-back, concept map, and lecture in




This is a three-arm, non-randomized, controlled, parallel-group study
(Registration No: IRCT20160719028997N1). The nurses were assigned
to the three groups non-randomly and pre-test and post-test were per-
formed for each group.2.2. Ethical considerations
This study was approved by the Regional Ethics Committee of Iran
University of Medical Sciences under the Code of Ethics IR.IUMS.-
REC.1397.720. All study and research activities were performed in
accordance with the ethical considerations of the Institutional Research
Committee. The objectives and methods of the study were explained to2
the potential nurses. Written informed consent was obtained from all
nurses, who met the inclusion criteria.
2.3. Participants and setting
Nurses, who were worked in the oncology, medical, surgical, and
emergency wards as well as intensive care unit)ICU(of Kowsar, Besat, and
Towhid hospitals, located in Sanandaj, Iran, were invited to participate in
the study, using advertisement posters and brochures displayed in the
hospitals. The inclusion criteria were as follows: 1) the Bachelor of Sci-
ence degree in nursing or higher degrees; 2) willingness to participate in
the educational session; and 3) working experience of at least 6 months in
the relevant ward. On the other hand, participants were excluded if they
had any experience of participating in the hemovigilance training course.
2.4. Sample size and sampling
Based on Eq. (1), the sample size was estimated to be 32 nurses per
group at a confidence interval of 95% and power of 90% and an effect











The nurses who met the inclusion criteria were entered the study by
convenience sampling method. To avoid contamination between the
groups, group allocation was done according to the hospital. For this
purpose, the nurses who worked in the Besat, Towhid, and Kowsar
hospitals were allocated to three groups of lecture (n¼ 36), teach-back (n
¼ 36), and concept map (n ¼ 36), respectively.
2.5. Data collection
Knowledge and performance were measured by the two following
questionnaires, which were completed before and two weeks after the
educational sessions by a self-report method. To examine the homoge-
neity of the groups in terms of demographic and working-related data, a
researcher-made questionnaire was completed before the intervention,
which consisted of information about age, gender, educational status,
employment status, recruiting ward, work experience, and frequency of
blood transfusion.
2.5.1. Routine blood transfusion knowledge questionnaire (RBTKQ)
This self-report questionnaire was developed by Hijji et al. to measure
the Jordanian nurses' knowledge of blood transfusion with 32 knowledge
items (2 true-false; 20 multiple-choice; 10 multiple-response) [10]. The
Persian version of RBTKQ also consists of 32 questions in issues relating
to patient preparation (5 items), blood pack collection from blood bank
(3 items), pre-transfusion initiation nursing responsibilities (6 items),
post-transfusion initiation nursing responsibilities (10 items), and com-
plications related to blood transfusion (8 items). According to RBTKQ, a
score of one is given to correct answers and a score of zero to wrong
answers. Therefore, the minimum score is zero and the maximum is 32.
Rafii et al. evaluated the psychometric properties of the Persian version
of RBTKQ and indicated an adequate qualitative contented validity by 10
members of Science Committee of Iran University of Medical Sciences.
Also, they obtained an internal consistency of 0.789 in a sample of Ira-
nian nurses with a BSc degree [33].
2.5.2. Self-reporting performance-evaluator questionnaire
This self-report questionnaire was designed by Purfarzad et al. to
measure the Iranian nurses' performance of blood transfusion nurses. It
consists of 20 questions about necessary actions before, during, and after
blood transfusion and incidence of possible adverse reactions. The
D. Masror Roudsari et al. Heliyon 7 (2021) e05982questionnaire should be answered based on a five-point Likert-type scale
ranging from never (score zero) to always (score four). Hence, the min-
imum and maximum scores are zero and 80 [34]. In the preliminary
psychometric evaluation of this questionnaire in a sample 30 Iranian
nurses, Purfarzad et al. indicated a satisfactory internal consistency ob-
tained by Cronbach's alpha coefficient (r ¼ 0.70) [34]. Also, the quali-
tative content validity of this questionnaire was confirmed in a recent
study by 10 members of Science Committee of Iran University of Medical
Sciences and its reliability was confirmed with Cronbach's alpha of 0.759
in a sample of Iranian nurses with BSc degree [33].
2.6. Intervention
The interventions for the three groups were performed from June to
August 2019. The education contents for three groups were identical,
which include hemovigilance goals, types of blood products, pre-
transfusion measures, blood transfusion complications, and related
measures. The contents were adapted from valid books and articles by
the research team members; then, it was validated and approved by
IBTO. All educational interventions were presented in the corresponding
hospital by a qualified master's degree student of Medical-Surgical
Nursing, who had successfully completed a workshop on “hemovigi-
lance” held by IBTO and had 5 years' working experience of blood
transfusion. At the end of the session in all groups, the content of the
tutorial was summarized by the instructor and participating nurses. The
education in three groups was free of charge, and nurses were given in-
centives for their participation.
In the teach-back group, nurses were taught in two 2-hour sessions as
shown in Figure 1. In the concept map group, the educational interven-
tion was performed in two 2-hour sessions by using a two-dimensional,
visual drawing of the educational contents in a spider-like manner,
with the main concept centered on the map and sub-concepts placed on
the edges of the map. The concept maps were prepared by the instructor,
and were then presented to the nurses and they were asked to study them
for two weeks.
In the lecture group, the education was presented by lecture and the
question-and-answer methods in a 4-hour session in the hospital con-
ference room, usingMicrosoft PowerPoint. During the session, the nurses'
questions were answered according to the standard materials of the
IBTO; and at the end of the session, the content of the tutorial was
summarized. In addition, a prepared training booklet, which was
approved by the faculty members of Iran University of Medical Sciences
and the specialists of IBTO, was presented for the nurses of the lecture
group.
2.7. Statistical analysis
At the end of the study, data were analyzed using SPSS version 21. In
all analyses, P-value of less than 0.05 was considered statisticallyFigure 1. Teach-back training
3
significant. To assess the homogeneity of groups for age, one-way anal-
ysis of variance (ANOVA) was used. The Chi-squared test was also used to
assess the homogeneity of groups for nominal qualitative variables
including gender, educational status, employment status, and recruiting
ward. Moreover, to assess the homogeneity of groups for ordinal quali-
tative variables including work experience and frequency of blood
transfusion, the Kruskal-Wallis test was applied. The normal distribution
of the quantitative data was confirmed using the Kolmogorov-Smirnov
test. The results of ANOVA indicated a non-significant minimal differ-
ence between groups in terms of knowledge before the intervention.
Hence, analysis of covariance (ANCOVA) was used to compare knowl-
edge and performance after the intervention, considering pre-test scores
of these variables as covariates. Since the results of ANCOVA were sta-
tistically significant, multiple comparisons of scores between each two
groups were done via Post-hoc analysis, using the Tukey's test. In addi-
tion, the paired sample t-test was performed to compare the scores within
the groups.
3. Results
The demographic and working-related characteristics of nurses in the
three groups are presented in Table 1. No significant differences were
found between the groups in terms of these characteristics (P > 0.05).
Paired sample t-test results showed that the mean of knowledge and
performance scores significantly increased in all three groups after the
intervention (P¼ 0.001 in two cases). The results of ANOVA showed that
the mean score of two variables was not significantly different in the
three groups before the intervention; however, the ANCOVA results
showed a significant difference in the knowledge and performance be-
tween three groups after the intervention (P ¼ 0.001, P ¼ 0.01). The
Tukey's test showed that the mean scores of knowledge in the teach-back
and concept map groups were significantly more than the other group (P
¼ 0.001 for two groups). In addition, the performance score in the lecture
group (P ¼ 0.01) were more than the other two groups. However, no
statistically significant differences were found between the two groups of
teach-back and concept map in knowledge and performance (Table 2).
4. Discussion
The purpose of this study was to compare the effects of teaching by
three methods of teach-back, concept map, and lecture on the knowledge
and performance of nurses about the hemovigilance process. The results
showed that in three groups, the knowledge and performance signifi-
cantly increased two weeks after the intervention in comparison with
prior to the intervention. It means the positive effects of teach-back,
concept map, and lecture educational methods on nurses’ knowledge
and performance.
The findings of present study substantiate the available data
regarding the positive effects of education on the knowledge andcycle in the current study.








Age (year) 28.75  3.88 29.61  5.17 30.58  3.80 0.20y
Sex Men 19 (52.8) 15 (41.7) 23 (63.2) 0.17yy
Women 17 (47.2) 21 (58.3) 13 (36.8)
Educational status Bachelor 31 (86.6) 34 (94.4) 30 (83.3) 0.32yy
Master 5 (13.9) 2 (5.6) 6 (16.87)
Employment status Formal 3 (8.3) 6 (16.7) 5 (13.9) 0.29yy
Semi-formal 3 (8.3) 1 (2.8) 2 (5.6)
Contractual 12 (33.3) 6 (16.7) 12 (33.3)
Conventional 3 (8.3) 10 (27.8) 8 (22.2)
Informal 15 (41.7) 13 (36.1) 9 (25.0)
Ward Oncology 9 (25.0) 1 (2.8) 8 (22.2) 0.16yy
Medical 7 (19.4) 13 (36.1) 5 (13.9)
Surgical 4 (11.1) 5 (13.9) 7 (19.4)
Emergency 6 (16.7) 8 (22.2) 6 (16.7)
Intensive care unit 10 (27.8) 9 (25.0) 10 (27.8)
Work experience (year) <5 27 (75.0) 29 (80.6) 20 (55.6) 0.07z
6–10 9 (25.0) 6 (16.7) 12 (33.3)
11–15 0 (0.0) 1 (2.8) 4 (11.1)
Frequency of blood transfusion 0 4 (11.1) 12 (33.3) 5 (13.9) 0.14z
1–4 12 (33.3) 18 (50.0) 15 (41.7)
5–8 7 (19.4) 1 (2.8) 6 (16.7)
9–12 6 (16.7) 5 (13.9) 6 (16.7)
>12 7 (19.4) 0 (0.0) 4 (11.1)
Data are presented as mean  standard deviation or number (percentage).
y One-way analysis of variance.
yy Chi-square test.
z Kruskal-Wallis test.









Knowledge Before intervention 15.52  3.24 16.83  3.26 15.05  2.73 0.06y
After intervention 26.0  2.20a 26.77  1.89a 23.41  2.11 0.001yy
Mean change 10.48  2.57 9.94  2.98 8.36  2.17
P-value¥ 0.001 0.001 0.001
Performance Before intervention 69.42  6.18 69.94  6.45 69.83  7.69 0.94y
After intervention 84.44  5.07 83.83  6.40 87.02  6.13b 0.01yy
Mean change 15.02  4.61 13.89  5.88 17.19  6.94
P-value¥ 0.001 0.001 0.001
Data are presented as mean  standard deviation.
a Significant in comparison to lecture method: Obtained from Tukey's test.
b Significant in comparison to two other groups: Obtained from Tukey's test.
y One-way analysis of variance.
yy Analysis of covariance.
¥ Paired sample t-test.
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[35, 36, 37]. In line with our findings, Islami Vaghar et al. reported that a
lecture-based educational program significantly increased Iranian
nurses’ knowledge and performance about blood transfusion [36].
Moreover, Rudrappan indicated that a 3-day training program using
Microsoft PowerPoint presentations, practical sessions, and group ac-
tivities related to daily activities in blood bank lead to significant im-
provements in the knowledge, skills, and performance of Indian nurses
regarding blood transfusion services [35]. Also, Patel et al. indicated that
educational lecture utilizing the American Association of Blood Banks
red blood cell transfusion guidelines significantly reduced inappropriate4
red blood cell transfusion rates prescribed by physicians. However, they
reported that computerized feedback via email following the education
non-significantly decreased inappropriate transfusion [38].
The findings showed that the lecture method exerted less effect on the
knowledge of nurses in comparison to the teach-back and concept map
methods; however, it had more effects on nurses' performance than the
other two methods. To the best of our knowledge, there is a scarcity of
research to compare the effects of different educational interventions on
the hemovigilance process. In line with our study, four sessions of training
by concept map led to a significant increase in the level of knowledge in
hemovigilance compared to the lecture method amongst nursing students
D. Masror Roudsari et al. Heliyon 7 (2021) e05982[12].Also, thefindings of present study support previous studies indicating
the better effects of concept map in comparison with lecture in nursing
students’ knowledge and critical thinking in other courses such as “car-
diovascular nursing” and “fundamentals of nursing” [39, 40]. However,
Rafii et al. [33] and Flood and Higbie [32] indicated that instructions of
blood transfusion process through lecture method had the same or better
effect in increasing the nursing students' knowledge and/or performance
as active methods such as multimedia educational workshop and simula-
tion. The differences in thefindings can result from the differences in target
population, educational intervention type, and tool used.
The present study improved our understanding of the value of
educational programs in promoting nurses' knowledge and performance
in the hemovigilance process. In the current study, nurses' performance
was better in the lecture method; thereby, it can be concluded that lec-
ture can still be used as a standard method to increase the nurses' per-
formance in the hemovigilance process if it is used properly. On the other
hand, since both concept map and teach-back methods had a better effect
on nurses' knowledge, it can be concluded that two methods can be used
to increase nurses’ knowledge in the hemovigilance process. Therefore, it
seems that conducting comprehensive hemovigilance trainingworkshops
or programs using a blended method of lecture, concept map, and teach-
back can enhance the knowledge and performance of nurses in the
hemovigilance process. Although the results of this study cannot be
generalized to all educational settings, such interventions can be intro-
duced as an effective educational method for nurses and all members of
the medical staff and also undergraduate nursing students to make an
effective step in promoting the knowledge and performance in the
hemovigilance process. Moreover, findings from this study could be
beneficial in developing concept map and teach-back training guidelines
in the hemovigilance process and also training nurse instructors about
how to use and teach these methods. Considering no statistically signif-
icant differences between teach-back and concept map methods
regarding knowledge and performance, further studies are suggested to
compare the effect of these methods in nursing education.
4.1. Limitations
The study findings should be interpreted with caution due to some
limitations. First, the study was performed on a sample of Iranian nurses
in a non-blinded manner, since the scale used for performance was self-
reported, and also the nurses could not be blinded due to the educational
nature of the intervention. In addition, the generalization of the findings
may be limited as nurses were allocated to groups non-randomly. Finally,
there was only one follow-up period after the intervention.
5. Conclusion
Concept map and teach-back methods had the same effect on nurses'
knowledge and performance in the hemovigilance process, but the lec-
ture method was more effective on nurses' performance compared to the
concept map and teach-back methods. Hence, integrating the hemovi-
gilance training programs using three methods is suggested to improve
both the knowledge and performance of nurses. However, further
research is suggested to accomplish the study goals, especially compar-
ison of the concept map and teach-back, while considering different in-
tervals for assessment of knowledge and performance. Moreover, for a
reliable analysis of performance, the use of observational measures and
multiple informants' reports (i.e., mangers' reports of nurses’ perfor-
mance), in addition to questionnaires, can be beneficial.
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